Abstract. In the framework of nuclear waste transmutation studies, the Mini-INCA project has been initiated at CEA/DSM with objectives to determine optimal conditions for transmutation and incineration of Minor Actinides (MA) in high intensity neutron fluxes. Our experimental tools based on alpha-and gamma-spectroscopy of irradiated samples and the development of fission micro-chambers could gather both microscopic information on nuclear reactions (total and partial cross sections for neutron capture and/or fission reactions) and macroscopic information on transmutation and incineration potentials. 
INTRODUCTION
The reduction of long-lived radioactive nuclear wastes and in particular long-lived minor actinides (MA) is probably one of the major challenges for a social acceptability of the nuclear energy in the forthcoming decades. These elements, produced by successive neutron capture on the fuel element, do not participate significantly to the neutron balance in conventional reactors as far as their concentration is not excessive. Thus in general the nuclear data for MA do not have the quality required to asses the optimal performances of a system dedicated to their transmutation and it could even result in wrong conclusions. This is due to a lack of experimental data for rare isotopes and even when they exist, it is rather difficult to assess the quality of measurements carried out more than 30 years ago, mostly for military applications and for which very little information is available. The main parameter in transmutation is the neutron energy spectrum of the system, and most of the proposed designs reflect the need for a variety of different spectra in order to have a more efficient and economically viable transmutation. If we consider the possibility to incinerate MA in thermal or quasithermal neutron fluxes then high fluxes are needed [1] and a precise knowledge of all the nuclear reaction probabilities involved in the transmutation chains is obviously required to define the optimal conditions of their transmutation. This situation has motivated the development of a very ambitious experimental program, namely Mini-INCA, dedicated to the study of the nuclear parameters (total and partial capture cross sections, fission cross section, half-lives) of MA isotopes and their incineration potential in different neutron fluxes, by the mean of integral measurements.
EXPERIMENTAL APPARATUS
Irradiations are carried out at the High Flux Reactor (HFR) of ILL (in Grenoble -France) a 58 MW reactor with an enriched fuel element surrounded by heavy water. The Mini-INCA experiments use two irradiation tubes, namely H9 and V4, figured out on 14 n/cm 2 /s whereas the inclined V4 channel gives access to neutrons with energy distributions varying from 15% epithermal to pure thermal neutrons and with a maximum intensity of 1.5·10 15 n/cm 2 /s. The latter is located at a distance of 20 cm from the fuel element. The H9 channel is coupled to the Mini-Inca chamber which allows accurate alpha-and gammaspectroscopy measurements [2] just after the irradiation and even between two successive irradiations of the same sample. Samples are automatically extracted from the irradiation system in H9 and positioned in front of the detection system with an absolute precision of 0.1 mm. The detection system is composed by a high purity coaxial Ge detector with a resolution of 1.8 keV at 1.17 MeV and by a Passivated Implanted Planar Silicon (PIPS) with a resolution of 11.8 keV for 5.486 MeV alpha particles. Both of them can move on their axis to choose the most suitable counting rates. The chamber and the detectors are shielded by a 5 cm thick lead wall and by a combination of borated polyethylene and B 4 C to reduce the gamma and neutron background.
The V4 channel could be equipped either with an irradiative system allowing the irradiation of samples for off-line analysis, for isomer production [12] , neutron induced damage studies on material, or by fission micro-chambers. These 4 mm in diameter and 2 cm in length detectors have been designed and developed [3] to operate in high neutron fluxes where pile-up pulse are extremely important so that the current mode has to be used. Thanks to a small gap between the anode and the cathode, space charge effects due to the very high number of fissions are reduced as compared to a bigger geometry. Single Deposit Fission Chambers (SDFC) with 235 U as active deposit have been tested at ILL [4] in 2002 and used to measure the intensity of the neutron flux and to follow its temporal variations. In 2004 we have developed and tested Triple Deposit FC (TDFC) based on three electrically independent SDFC connected with the same gas. One chamber without deposit is dedicated to background measurements, the other one with 235 U to neutron flux measurements and the last one with actinide deposit to the fission rate and incineration potential measurements.
The complementarities of these two experimental apparatus and the high intensity fluxes are essential for the success of the experiments: whereas H9 is more dedicated to the capture and combustion cross sections and half-life measurements at thermal energy, V4 gives information on fission and capture cross sections and macroscopic transmutation-incineration potentials in different neutron energy spectra.
NEUTRON FLUX
One of the main critical point in an integral measurement is to characterize the neutron flux in which are irradiated the samples. We have used the MCNP code to simulate the ILL core reactor [5] , which has a very simple geometry, and to determine the spectral shape of the neutron energy distribution at the different positions of irradiation (V4 positions and H9 channel). Table 1 and show a quite good agreement. It is thus a validation of the approach employed for the description and the characterization of the neutron flux. Moreover, the agreement between the results obtained by activation methods and with the fission chambers validates the concept and the use of fission micro-chambers in intense neutron fluxes. We have to stress that measured values (neutron flux and cross sections) strongly depend on the shape of the modelised neutron flux [6] . To extract the cross section at 25.3 meV, we need to correct the measured value by the ratio between the library data point-like value and the calculated mean cross section as explain in [6] .
MEASUREMENTS IN H9
The measurements already performed on H9 mainly concern the capture cross sections of isotopes which contribute significantly to the mass inventory of the nuclear waste as 237 Np and 241 Am or to the transmutation chain of these two isotopes. The results except for 241 Am [7] was obtained with the Mini-INCA chamber coupled to the H9 beam tube [8] and are shown in Table 2 and compared to evaluated data libraries. The comparison shows some discrepancies between our experimental data and some evaluated data libraries and even between them. In particular, the new 242gs Am (n,γ) 243 Am cross section is 16 times less than JEF2.2 whereas it is compatible with ENDF-BVI and JENDL3.2 data. Less spectacular is the 243 Am(n,γ) 244 Am reaction that we found 9% higher than ENDF-BVI but compatible with the most recent experiments and JENDL3.2.
243 Am(n,γ) 244gs Am data are compatible with previous data whereas 242 Pu (n,γ) 243 Pu data are 16% higher than library values. 237 Np (n,γ) 238 Np data are compatible with ENDF-BVI, JEFF2.2 but 9% higher than JENDL3.2 data. The 238 Np combustion cross section is 27% and 44% higher than the ENDF and JENDL values respectively. All these results show the necessity for new measurements in particular for short-lived isotopes that only could be produced in high neutron fluxes.
MEASUREMENTS IN V4
The first tentative of using V4 as a tool for incineration studies was done in 2002 by developing and testing Double Deposit Fission Chambers [4] containing 235 U for flux measurement and the Actinide to measured. It was the first step towards TDFC concept but unfortunately those measurements could not be exploited due to cross talk between chambers. It is only very recently that the V4 channel has been able to be used with new TDFC to monitor, via the fission rate, the isotopic evolution of 237 Np during 40 days of irradiation in a neutron flux of 10 15 n/cm 2 /s (Fig. 3) . The analysis is still in progress but TDFC seems to be a very promising and powerful tool for direct transmutation measurements in high neutron flux. 
CONCLUSIONS
The Mini-INCA set-up installed at the ILL High Flux Reactor is well suited for transmutation studies in high thermal neutron fluxes. The two dedicated apparatus are complementary and allow microscopic as well as macroscopic measurements even on rare isotopes. The recent capture and combustion cross sections that we have measured show good agreements with the most recent measurements but show sometimes great divergences from evaluated data libraries. The new FC (TDFC) developed for high neutrons fluxes seems to be a very promising tool for transmutation and incineration studies. They allow to follow the evolution of an actinide in a given flux and also to monitor the variations of the neutron flux. The program will be extended soon to actinides heavier than Am (Cm, Bk, Cf, …) and also to innovative fuel elements like 232 Th. Moreover, taking benefit of the FC, flux and incineration measurements will be performed in the MEGAPIE [12] spallation target.
